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Abstract²1DQRFU\VWDOOLQH 7L2 SDUWLFOHV ZHUH VXFFHVVIXOO\
V\QWKHVL]HGYLDVROJHODQGVRQRFKHPLFDOFRPELQDWLRQXVLQJWLWDQLXP
WHWUDLVRSURSR[LGHDVDSUHFXUVRUDWORZHUWHPSHUDWXUHIRUDVKRUWWLPH
7KHHIIHFWRIWKHUHDFWLRQSDUDPHWHUVK\GURO\VLVPHGLDDFLGPHGLD
DQG UHDFWLRQ WHPSHUDWXUHV RQ WKH V\QWKHVLV RI 7L2 SDUWLFOHV ZHUH
LQYHVWLJDWHG LQ WKH SUHVHQW VWXG\ &KDUDFWHUL]DWLRQV RI V\QWKHVL]HG
VDPSOHVZHUH SUHSDUHG E\;UD\ GLIIUDFWLRQ ;5' DQDO\VLV ,WZDV
VKRZQ WKDW WKH UHDFWLRQ SDUDPHWHUV SOD\HG D VLJQLILFDQW UROH LQ WKH
V\QWKHVLVRI7L2SDUWLFOHV

Keywords²&U\VWDOOLQH 7L2 VRQRFKHPLFDO PHFKDQLVP VROJHO
UHDFWLRQ
, ,1752'8&7,21
9(5 WKH SDVW WZR GHFDGHV R[LGH VHPLFRQGXFWRU
PHGLDWHG SKRWRFDWDO\VWV KDYH DWWUDFWHG D JUHDW GHDO RI
DWWHQWLRQ LQ WKH SXULILFDWLRQ RI HQYLURQPHQWDO FRQWDPLQDQWV
>@ $PRQJ WKH YDULRXV R[LGH VHPLFRQGXFWRU SKRWRFDWDO\VWV
7L2KDVSURYHQWREHWKHPRVWVXLWDEOHPDWHULDOIRULWVORQJ
WHUP FKHPLFDO VWDELOLW\ SRZHUIXO R[LGDWLRQ VWUHQJWK QRQ
WR[LFLW\ DQG ORZ FRVW >@ 7KXV DQ DOWHUQDWLYH SDUWLFOH
SUHSDUDWLRQPHWKRG IRU FU\VWDOOLQH7L2ZDV VRXJKW LQZKLFK
WKH KHDW WUHDWPHQW VWHS ZDV QRW UHTXLUHG $V D FRPSHWLWLYH
DOWHUQDWLYH WKH VRQRFKHPLFDO PHWKRG KDV EHHQ H[WHQVLYHO\
XVHG WR JHQHUDWH QRYHO PDWHULDOV ZLWK LPSURYHG RU XQXVXDO
SURSHUWLHV 7KH SK\VLFRFKHPLFDO HIIHFWV RI XOWUDVRXQG DULVH
IURP DFRXVWLF FDYLWDWLRQ LH WKH IRUPDWLRQ JURZWK DQG
LPSORVLYHFROODSVHRIEXEEOHVLQDOLTXLG>@>@7KHFROODSVH
RI EXEEOHV JHQHUDWHV ORFDOL]HG KRW VSRWV ZLWK WUDQVLHQW
WHPSHUDWXUHV RI . DQG FRROLQJ UDWHV LQ H[FHVV RI 
./V 7KHVH H[WUHPH FRQGLWLRQV GXULQJ VRQLFDWLRQ OHDG WR
HQKDQFHGPHGLXPPL[LQJDQG LQDGGLWLRQ WKHSDUWLFOH VL]HRI
WKH VROLG SUHVHQW LQ WKH UHDFWLRQ PHGLXP GHFUHDVHV DQG WKH
UHDFWLYH VXUIDFH DUHD LQFUHDVHV >@ +RZHYHU UHSRUWV RQ WKH
FRDWLQJ RI FU\VWDOOLQH PDWHULDO GLUHFWO\ RQWR PDJQHWLF FRUH
SDUWLFOHVYLDVRQRFKHPLVWU\PHWKRGDUHYHU\VFDUFHVRIDU
,Q WKLV VWXG\ D VROJHO DQG VRQRFKHPLFDO FRPELQDWLRQ WR
GLUHFWO\ SUHSDUH DQDWDVH QDQRFU\VWDOOLQH 7L2 KDV EHHQ
HVWDEOLVKHG 7L2 QDQRSDUWLFOHV ZHUH V\QWKHVL]HG E\ WKH
K\GURO\VLV RI WLWDQLXP LVRSURSR[LGH LQ WKH SUHVHQFH RIZDWHU


63LVNLQLVZLWKWKH<ÕOGÕ]7HFKQLFDO8QLYHUVLW\ )DFXOW\RI&KHPLFDODQG
0HWDOOXUJLFDO (QJLQHHULQJ &KHPLFDO (QJLQHHULQJ 'HSDUWPHQW ,VWDQEXO
7XUNH\ SKRQHID[HPDLOSLVNLQ#
\LOGL]HGXWU
6 .DVDS LV ZLWK WKH 6DEDQFÕ 8QLYHUVLW\ 1DQRWHFKQRORJ\ 5HVHDUFK DQG
$SSOLFDWLRQ&HQWHU,VWDQEXO7XUNH\HPDLOVNDVDS#VDEDQFLXQLYHGX
0 6DUL <LOPD] LV ZLWK WKH <ÕOGÕ] 7HFKQLFDO 8QLYHUVLW\ )DFXOW\ RI
&KHPLFDO DQG0HWDOOXUJLFDO(QJLQHHULQJ&KHPLFDO(QJLQHHULQJ'HSDUWPHQW
,VWDQEXO7XUNH\HPDLOPXJHVDUL#\LOGL]HGXWU
DQGLVRSURS\ODOFRKROXQGHUXOWUDVRQLFLUUDGLDWLRQ.+]DW
R&IRUK7KHSURGXFWVWUXFWXUHZDVGHSHQGHQWXSRQ WKH
PRODU UDWLR RI >+2@>$ONR[LGH@ 5Z PRODU UDWLR RI
>$FLG@>$ONR[LGH@ DQG UHDFWLRQ WHPSHUDWXUH 7KH V\QWKHVL]HG
VDPSOHVZHUHFKDUDFWHUL]HGE\;5';5'DQDO\VLV
,,(;3(5,0(17$/
A. Materials and Characterization 
$OO FKHPLFDOVXVHG LQ WKH V\QWKHVLVRI7L2SDUWLFOHVZHUH
KLJKHUJUDGH$QXOWUDVRQLFEDWK%DQGHOLQ6RQRUH[6XSHU5.
+ IUHTXHQF\ RI LUUDGLDWLRQ RI  N+] ZDV XVHG DV WKH
VRXUFH RI XOWUDVRQLF LUUDGLDWLRQ WR SHUIRUP WKH V\QWKHVLV
UHDFWLRQRI7L2SDUWLFOHV
;5'SDWWHUQV RI )2 DQG)7ZHUH UHFRUGHG XVLQJ D 3KLOLSV
3$1DQDO\WLFDO ;¶3HUW3UR GLIIUDFWRPHWHU XVLQJ &X.Į
UDGLDWLRQ Ȗ c DWRSHUDWLQJSDUDPHWHUVRIP$DQG
N9ZLWKVWHSVL]H)LJ


)LJ;5'HTXLSPHQW
B. Synthesis of TiO2 Particles 
,QWKHV\QWKHVLVRI7L2QDQRSDUWLFOHVILUVWO\WLWDQLXP,9
LVRSURSR[LGHZDVGLVVROYHGLQSURSDQRO7KLVVROXWLRQFDOOHG
SUHFXUVRU VROXWLRQ $IWHU VWLUULQJ YLJRURXVO\ IRU  PLQ D
PL[WXUH RI +&O DQG SURSDQRO ZDV DGGHG GURS ZLVH WR WKH
DERYHVROXWLRQZLWKDEXUHWWHXQGHUVWLUULQJ7KHPL[WXUHZDV
VWLUUHG IRU  PLQ $IWHU VWLUULQJ D PL[WXUH RI ZDWHU DQG
SURSDQRO ZKLFK FDOOHG K\GURO\VLV VROXWLRQ ZDV DGGHG WR
DONR[LGH VROXWLRQ $IWHU DGGLQJ WKH K\GURO\VLV VROXWLRQ WKH
PL[WXUHZDVVWLUUHGIRUDERXWKLQXOWUDVRQLFEDWKDQGDJHO
6\QWKHVLVRI7L21DQRSDUWLFOHVE\6RO*HODQG
6RQRFKHPLFDO&RPELQDWLRQ
6DEUL\H3LVNLQ6LEHO.DVDS0XJH6DUL<LOPD]
2
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
SURGXFW ZDV REWDLQHG 7KH JHO SURGXFW ZDV VHSDUDWHG E\
FHQWULIXJLQJDQGGULHGDWR&IRUDQLJKW7KHGULHGSURGXFW
ZDVWKHQKHDWWUHDWHGDWR&IRUK>@$VFKHPDWLFIORZ
GLDJUDPRIV\QWKHVLVRI7L2SDUWLFOHVZDVSUHVHQWHGLQ)LJ


)LJ)ORZFKDUWRI7L2V\QWKHVLV
,,, 5(68/7$1'',6&866,21
A. The Effect of Molar Ratio of [H2O]/[Alkoxide] (Rw) 
)LJ  VKRZV ;5' SDWWHUQ RI VROJHO DQG VRQRFKHPLFDO
FRPELQDWLRQ V\QWKHVL]HG 7L2 ZLWK GLIIHUHQW PRODU UDWLR RI
+2DONR[LGHV 5Z DW R& IRU  K $V VHHQ LQ WKH ILJXUH
GLVWLQFW SHDNV ZHUH QRWHG LQ WKH ;5' SDWWHUQV DW  RI
DQDWDVH7L2
7KH K\GURO\VLV EHWZHHQ DONR[LGHV DQG +2 LV LQFRPSOHWH
DQG WKH FRQGHQVDWLRQ UHDFWLRQ RFFXUV EHWZHHQ WKHPRQRPHUV
RI 2+[7L25[ ZKHQ 5Z LV OHVV WKDQ WKH UHTXLUHG
VWRLFKLRPHWULF UDWLR ,QFUHDVLQJ 5Z FDXVHV D VWURQJHU
QXFOHRSKLOLF UHDFWLRQ EHWZHHQ +2 DQG DONR[LGH PROHFXOHV
DQGPRUHDONR[\OJURXSVLQWKHDONR[LGHZLOOEHVXEVWLWXWHGE\
K\GUR[\OJURXSVRI+27KHPRQRPHUV 2+[025[ VR
REWDLQHG LQWHUDFW ZLWK HDFK RWKHU WR HVWDEOLVK D WKUHH
GLPHQVLRQDO QHWZRUN VWUXFWXUH YLD FRQGHQVDWLRQ DQG IRUP
VROLGVZLWKWH[WXUHVOLNHIUDJPHQWVRIPRQROLWKLQ)LJVD
G
%\ FRPSDULVRQ RI WKH ;5' SDWWHUQ RI WKH REWDLQHG
SURGXFWV WKH V\QWKHVL]HG VDPSOH LQ 5Z  KDG WKH KLJKHVW
LQWHQVLW\ RI 7L2 GLIIUDFWLRQ SHDNV 7KXV WKH RSWLPDO PRODU
UDWLRRI>+2@>$ONR[LGH@ZDVIRXQGDV
B. The Effect of Molar Ratio of [Acid]/[Alkoxide] 
7KH DFLG FDWDO\VW FDQ LQIOXHQFH ERWK WKH K\GURO\VLV DQG
FRQGHQVDWLRQUDWHVDQGWKHVWUXFWXUHRIWKHFRQGHQVHGSURGXFW
$FLGVHUYHV WRSURWRQDWHQHJDWLYHO\FKDUJHGDONR[LGHJURXSV
HQKDQFLQJWKHUHDFWLRQNLQHWLFVE\SURGXFLQJHDVLO\UHPRYDEOH
JURXSV
)LJVKRZVWKH;5'SDWWHUQVRI7L2QDQRSDUWLFOHVIURP
WKHVROJHOVRQRFKHPLFDOFRPELQDWLRQV\QWKHVL]HGDWGLIIHUHQW
DFLGDONR[LGH YDOXHV 7KH ILQGLQJ LQGLFDWHV WKDW WKH
FU\VWDOOLQLW\RI WKHREWDLQHGDQDWDVHSDUWLFOHV LQFUHDVHGDV WKH
PRODUUDWLRRIDFLGDONR[LGHZHUHEHWZHHQDQG,WZDVVHHQ
WKDW WKH V\QWKHVL]HG VDPSOHV IURP WKH PRODU UDWLR RI
DFLGDONR[LGH  DQG  KDYH DQ DPRUSKRXV SKDVH 7KHUHIRUH
EDVHG RQ WKLV VWXG\ LW LV EHOLHYHG WKDW WKH GHWHUPLQDWLRQ RI
UHVXOWLQJ FU\VWDO VWUXFWXUH LV DIIHFWHG E\ PRODU UDWLR RI
DFLGDONR[LGH YDOXHV 7KH KLJKHU DFLGLW\ RU WKH ORZHU DFLGLW\
SURPRWHV DPRUSKRXV IRUPDWLRQ7KHRSWLPXPPRODU UDWLR RI
>$FLG@>$ONR[LGH@ZDVIRXQGDV

)LJ7KHHIIHFWRIPRODUUDWLRRI>+2@>$ONR[LGH@5ZD5Z E5Z F5Z DQGG5Z 
+<'52/<6,6
62/87,21
'LVWLOOHGZDWHU
$OFRKRO
$&,'62/87,21
$FLG$OFRKRO

35(&8562562/87,21
7LWDQLXPDONR[LGH$OFRKRO
6WLUULQJIRUKLQXOWUDVRQLFEDWK
*HOSURGXFW
&HQWULIXJDWLRQDQG'U\LQJDW&
&DOFLQDWLRQDWR&IRUK
7L2
QDQRSDUWLFOHV
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

)LJ7KHHIIHFWRIPRODUUDWLRRI>$FLG@>$ONR[LGH@D>$FLG@PROH>$ONR[LGH@PROH E>$FLG@PROH>$ONR[LGH@PROH F
>$FLG@PROH>$ONR[LGH@PROH DQGG>$FLG@PROH>$ONR[LGH@PROH 

C. The Effect of Reaction Temperature 
)LJ  SUHVHQWV WKH ;5' SDWWHUQV RI 7L2 SUHSDUHG E\
XOWUDVRXQG LUUDGLDWLRQ DW YDULRXV WHPSHUDWXUHV   DQG
&7KH;5'DQDO\VLVRIWKHSURGXFWVREWDLQHGDWR&DQG
R&)LJVDDQGEGRHVQRWVKRZDQ\VKDUSGLIIUDFWLRQ
SDWWHUQV ZLWK FKDUDFWHULVWLFV RI FU\VWDOOLQH SKDVHV:KHQ WKH
UHDFWLRQ WHPSHUDWXUH LQFUHDVH WRR&SHDNVFKDUDFWHULVWLFRI
DQDWDVH VWDUWHG WR DSSHDU )LJ  F DQG WKH SDWWHUQ FOHDUO\
VKRZV WKDW WKH QDQRSDUWLFOHV KDYH D SXUH DQDWDVH VWUXFWXUH
7KHVH SHDNV EHFRPH QDUURZ DQG VKDUS LQ WKH ;5' RI WKH
VDPSOH7KHVDPSOHV\QWKHVL]HGDWR&FDOFLQHGDW&IRU
K )LJ G+RZHYHUQRQHZSHDNDSSHDUV LQ WKH;5'
VSHFWUDDIWHUWUHDWPHQWDWR&


)LJ7KHHIIHFWRIUHDFWLRQWHPSHUDWXUHDR&ER&FR&DQGGWUHDWPHQWDWR&IRUK

,9&21&/86,216
$ VROJHO DQG VRQRFKHPLFDO FRPELQDWLRQ PHWKRG IRU WKH
SUHSDUDWLRQRIQDQRFU\VWDOOLQH7L2IRUKKDVEHHQGHVFULEHG
7KHPRODUUDWLRRI+2DONR[LGHVDQGWKHDFLGPHGLDXVHGLQ
WKH VROJHO SURFHVV LV WKH PDMRU IDFWRUV WKDW JRYHUQ WKH
FKDUDFWHULVWLFVRIR[LGHV7KHUHLVDFULWLFDOYDOXHIRUWKHPRODU
UDWLR RI+2 WR DONR[LGHV XVHG LQ WKH SURFHVV WR SUHSDUH WKH
UHTXLUHG R[LGHV$QRWKHU LPSRUWDQW FRQWUROOLQJ IDFWRU IRU WKH
VROJHO SURFHVV WKDW ZDV RQFH PHQWLRQHG LQ WKH SUHYLRXV
OLWHUDWXUH LV WKH DFLG PHGLD 7KH KLJKHU DFLGLW\ RU WKH ORZHU
DFLGLW\SURPRWHVDPRUSKRXVIRUPDWLRQ
,Q WKLV VWXG\ KLJK FU\VWDOOLQH 7L2 QDQRSDUWLFOHV ZHUH
SUHSDUHGYLDDVROJHODQGVRQRFKHPLFDOFRPELQDWLRQE\XVLQJ
WKH PRODU UDWLR RI >$FLG@>$ONR[LGH@    DQGPRODU UDWLR RI
>+2@>$ONR[LGH@  DW & ,Q DGGLWLRQ QDQRFU\VWDOOLQH
SURGXFWV ZHUH REWDLQHG ZKHQ WKH V\VWHP WHPSHUDWXUH ZDV
DERYHR&RWKHUZLVHWKHSURGXFWVZHUHDPRUSKRXV
$&.12:/('*0(17
7KH DXWKRUV DSSUHFLDWH WKH JHQHURXV ILQDQFLDO VXSSRUW RI
WKLV ZRUN E\ WKH 6FLHQWLILF DQG 7HFKQRORJLFDO 5HVHDUFK
&RXQFLORI7XUNH\
5()(5(1&(6
>@ 05 +RIIPDQ 67 0DUWLQ :< &KRL ': %DKQHPDQQ
³(QYLURQPHQWDODSSOLFDWLRQVRISKRWRFDWDO\VLV´Chem. RevYROSS

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
>@ :+R-<X-/LQ3/L³3UHSUDWLRQDQGSKRWRFDWDO\LFEHKDYLRXURI
0R6 DQG:6 QDQRFOXVWHU VHQVLWL]HG 7L2´ Langmuir YRO  SS

>@ -*H-4X³8OWUDVRQLFLUUDGLDWLRQHQKDQFHGGHJUDGDWLRQRID]RG\HRQ
0Q2´Appl. Catal. B: Environ.,YROSS±
>@ 6..DYLWKD313DODQLVDP\³3KRWRFDWDO\WLFDQG6RQRSKRWRFDWDO\WLF
'HJUDGDWLRQ RI 5HDFWLYH 5HG  XVLQJ '\H 6HQVLWL]HG 7L2 XQGHU
9LVLEOH /LJKW´ International Science Index International Journal of 
Chemical, Molecular, Nuclear, Materials and Metallurgical 
Engineering,YROQRSS
>@ 7-0DVRQ³6RQRFKHPLVWU\7KHXVHRIXOWUDVRXQGLQFKHPLVWU\´7KH
5R\DO6RFLHW\RI&KHPLVWU\&DPEULGJH
>@ 6 .DVDS+7HO6 3LVNLQ ³3UHSDUDWLRQ RI 7L2 QDQRSDUWLFOHV E\
VRQRFKHPLFDOPHWKRG LVRWKHUP WKHUPRG\QDPLFDQGNLQHWLF VWXGLHVRQ
WKH VRUSWLRQ RI VWURQWLXP´ J. Radioanal. Nucl. Ch. YRO  SS 

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